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(54) Dlgital.slgnal receiver circuit 

(57) An optical signal Is converted by a liglit-receiv- 
ing element (1) into a photoelectric current. TTie photo- 
electric current is converted by a preamplifier (2) Into a 
positive phase voltage and the opposite phase voltage. 
The peaks of the positive phase output and opposite 
phase output are sensed and held by a first and second 
peak sensing circuits (3, 4). The median between the 
output of the second peak sensing circuit (4) and the 
positive phase output of the preamplifier (2) Is deter- 
mined by a first median output circuit (5). The median 
between the output of the first peak sensing drcuit (3) 
and the opposite phase output of the preamplifier (2) is 


detennined by a second median output circuit (6). A 
level comparison circuit (7) compares the outputs of the 
first and second median output circuits (5, 6) and pro- 
duces a signal voltage with a constant amplitude within 
a specific input voltage range, tiiereby producing a 
reception signal. This helps alleviate duty fluctuations 
and the deterioration of the reception sensitivity result- 
ing from the dark current of the light-receiving element 
(1) or fluctuations in the output offset voltage of the 
preamplifier (2). 
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Description 

This invention relates to a burst compatible digital 
signal receiver circuit used in the field of optical commu- 
nications, including optical subscriber systems, optical 
LANs, and optical interconnections. 

Two-mode differential transfer impedance amplifi- 
ers have been used as the automatic threshold control 
(ATC) circuit in a conventional burst signal compatible 
digital signal receiver circuit The configuration and 
operation of the two-mode differential transfer imped- 
ance amplifier has been disclosed concretely in U S 
Pat. No. 5.025,456. 

FIG. 1 is a block diagram of the two-mode differen- 
tial transfer impedance amplifier. The amplifier com- 
prises a photodlode (light-receiving element) PD. a 
differential input/output amplifier OR a peak sensing cir- 
cuit PDC, and feedback resistors Rfl and Ff2. 

The optical signal Pin projected on the photodiode 
PD Is converted into photoelectric current, which Is sup- 
plied to the (+) input terminal of the differential input/out- 
put amplifier OR The differential input/oLrtput amplifier 
OP amplifies the level difference between the photoe- 
lectric current lin from the photodiode PD and the 
threshold value supplied to the (-) input terminal. The 
inverting output of the amplifier is fed back to the (4-) 
input terminal of the amplifier OP via the feedback resis- 
tor Rf 1 . The noninverting output Is supplied to the peak 
sensing circuit PDC. 

The peak sensing circuit PDC senses the peak of 
the noninverting output of the amplifier OR The sense 
output is supplied as the threshold value to the (-) input 
terminal of the amplifier OP via the feedback res'Stor 
Rf2. 

Namely, the two-mode differential transfer imped- 
ance amplifier outputs such a waveform as always has 
the output voltage in the middle of the pulse width when 
there is no signal input, by making the transfer imped- 
ance of each of the second and later bits in the burst 
signal twice as large as that of the first bit in the burst 
signal. 

The aforementioned burst signal compatible digital 
signal receiver circuit, however, has the following prob- 
lem: because the operating point of the preamplifier 
fluctuates as a result of fluctuations in the dark current 
of the light-receiving element or fluctuations in the out- 
put offset voltage of the preanplifier, the duty and 
reception sensitivity of the identification circuit with a 
fixed threshold value deteriorate. 

There has been another problem: when the mark- 
ing rate of the input signal has fluctuated, or when the 
same symbols have continued, the outpul of the peak 
sensing circuit PDC fluctuates, resulting In the deterio- 
ration of the duty and reception sensitivity. 

The object of the present invention is to provide a 
burst signal compatit>!e digital signal receiver circuit 
capable of alleviating duty deterioration and the deterio- 
ration of tiie reception sensitivity resulting from tiie dark 
current of a light-receiving element or fluctuations in the 


output offset voltage of a preamplifier, fluctuations in tiie 
marking rate of the input signal, or the continuation of 
tile same symbols. 

The foregoing object is accomplished by providing 
5 a digital signal receiver circuit comprising : a preamplifier 
for generating a positive phase signal and tiie opposite 
phase signal from an Input digital signal; a first level 
sensing circuit for sensing and holding either the peak 
value or the bottom value of the positive phase output of 
10 the preamplifier; a second level sensing circuit for sens- 
ing and holding the same level value as that of the first 
level sensing circuit from the peak value or bottom value 
of the opposite phase output of the preamplifier; a first 
median output circuit for outputting the median between 
IS the positive phase output of the preamplifier and the 
output of the second level sensing circuit; a second 
median output circuit for outputting the median between 
the opposite phase output of the preamplifier and the 
output of the first level sensing circuit; and a first level 
20. comparison circuit for comparing the output of the first 
medlari output circuit with tfie output of the second 
median output circuit and outputting a signal voltage 
witii a constant amplitude within a specific input voltage 
range, wherein the first and second level sensing cir- 
25 cults, first and second median output circuits, and the 
first level conparlson circuit constitute an offset com- 
pensating section that performs the offset compensa- 
tion of the DC level difference of Wie output of the 
preamplifier, and the first level conparison circuit con- 
so stitutes an amplitude limit amplifier section that com- , 
pares and amplifies the output of the offset 
compensating section. . 

The foregoing object Is accomplished by providing 
a digital signal receiver circuit comprising : a preamplifier 
35 for generating a positive phase signal and tiie opposite 
phase signal from an Input digital signal; a first level 
sensing circuit for sensing and hofcling eltiier the peak 
value or the bottom value of the positive phase output of 
tiie preamplifier; a second level sensing circuit for sens- 
40 Ing and holding the same level value as that of the first 
level sensing circuit from the peak value or bottom value 
of the opposite phase output of the preamplifier; a first 
differential circuit that determines the difference 
between tiie positive phase output of the preamplifier 
45 and the output of the first level sensing circuit and out- 
puts the difference: a second differential circuit that has 
tiie same gain as that of the first differential circuit and 
tiiat determines the difference between the opposite 
phase output of the preamplifier and the output of the 
so second level sensing circuit arxJ outputs the difference; 
a first level comparison circuit that compares the output 
of the first differential circuit witii the output of the sec- 
ond differential circuit and outputs a signal voltage with 
a constant ar?iplitude within a specific Input voltage 
55 amplitude range; a second level comparison circuit that 
has the gain equal to the product of the gain of the first - 
or second differential circuit and the gain of the first level 
comparison drcult and that compares the output of the 
first level sensing circuit.with tiie output of the second 
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level sensing circuit and outputs a signal voltage with a 
constant amplitude within a specific input voltage ampli- 
tude range; and an aMer circuit that adds the output of 
the first level comparison drcuit to the output of the sec- 
ond level connparison circuit, wherein the first and sec- ^ 5 
ond level sensing circuits, first and second differential 
circuits, and first level comparison circuit constitute an 
offset compensating section that performs the offset 
conpensatlon of the DC level difference of the output of 
the preamplifier, the first level comparison circuit consti- 
tutes an amplitude limit amplifier section that compares 
and amplifies the output of the offset compensating sec- 
tion, and the second level comparison circuit and the 
adder circuit constitute a DC level reproducing section 
that compensates for fluctuations in the outputs of the 
first and secorxi level sensing drcuits. * - 

The foregoing object is accomplished by providing 
a digital signal receiver circuit comprising: a preamplifier 
for generating a positive phase signal and the opposite' 
phase signal from an input digital signal; a first level 
sensing circuit for sensing and holding either the peak 
value or the bottom value of the positive phase output of 
the preamplifier: a second level sensing circuit for sens'- 
ing and holding the same level value as that of the first 
level sensing circuit from the peak value or bottom value 
of' the opposite phase output of the preanplifier; a first^ 
differential circuit that determines the dififerehce 
between the positive phase output and opposite phase 
output of the preamplifier and outputs the difference; a 
second differential circuit that has thei same gaih as that 
of the first differential circuit and that determines the dif- 
ference between the outputs of the first and secbnd 
level sensing circuits and outputs the difference; a first 
level comparison circuit that compares the output of the 
first differential circuit with the output of the second dif- ' 
ferential circuit arxJ outputs a signal voltage with a con- 
stant amplitude within a specific input voltage amplitude' 
range; a second level conriparison circuit that has the 
gain equal to the product of the gain of the first or sec- 
ond differential circuit and thia gairi of the first level com- 
parison circuit and that compares the output of the first 
level sensing circuit with the oulput of the second'level 
sensing circuit and outputs a signal voltage with a con- 
stant amplitude within a specific input voltage amplitude 
range; and an adder circuit that adds the output of the' 
first level conparlson circuit to the output of the second 
level comparison circuit wherein the first and second 
level sensing circuits, first and second differential cir- 
cuits, and first level comparison circuit constitute an off- 
set compensating section that performs the offset 
compensation of the DC level difference of the output of 
the preamplifier, the first level comparison circuit consti- 
tutes an ampittudeJimrt amplifier section that conrpares 
and amplifies the output of the offset compensating sec- 
tion, and the second level comparison circuit and the 
adder circuit constitute a DC level reprodudng section 
that compensates for fluctuations in the outputs of the 
first and second level sensing drcuits. 

The foregoing object is acconrplished by providing 


a digital signal receiver circuit comprising: a preamplifier 
for generating a positive phase signal and the opposite 
phase signal from an input digital signal; a first level 
sensing drcuit for sensing and holding either the peak 
value or the bottom value of tiie positive phase output of 
the preamplifier; a second level sensing circuit for sens- 
ing and holding the same level value as tiiat of the first 
level sensing drcu'rt from the peak value or bottom value 
of the opposite phase output of the preamplifier; a first 
d'rfferential drcuit that determines the difference 
between'the positive phase output and opposite phase 
output of tiie preamplifier and outputs at least the posi- 
tive phase signal; a second differential circuit that has 
tiie same gain as tiiat of the first differential circuit and 
tiiat determines the difference between the output of the 
first level sensing circuits and the output of the second 
level sensing circuit and outputs the positive phase sig- 
nal and opposite phase signal; a first level comparison 
drcuit tiiat compares tiie positive phase output of tiie 
first differential drcuit witii the positive phase output of 
tiie second differential drcuit-ahd outputs a signal volt- 
age witii a constant amplitude wrthin a specific input 
voltage amplitudei range; a second level comparison cir- 
cuit tiiat has the same gairi as that of tiie first level com- 
parison circuit and tiiat compares the positive phase 
output and opposite phase output of tiie second differ- 
ential circuit and outputs a signal voltage with a con- 
stant amplitude within a specific Input voltage amplitude 
range; and an adder circuit that adds the output of the 
first level conrparison circuit to the output of the second 
level comparison drcuit, wherein the first and second 
level sensing cirdjJts'and first and second differential 
drcuits constitute an identification level sensing section 
tiiat senses the identification level of the output of tiie 
first differential circuit, the first level comparison circuit 
constitutes an amplitude limit amplifier section tiiat com- 
pares arid amplifies the output of the identification level 
sensing section, arid the second level comparison cir- 
cuit and the adder circuit constitutes a DC level repro- 
ducing section tiiat compensates for fluctuations in the 
outputs of tiie first and second level sensing circuits. 

This invention can be more fully understood from 
tiie following detailed description when taken in con- 
junction witii the acconnpanying drawings, in which: 

FIG. 1 is a block diagram of a conventional digital 
optical receiver circuit (two-mode differential trans- 
fer impedance amplifier); 

FIG. 2 is a block diagram of a digital optical receiver 
drcuit according to a first embodiment of tiie 
present invention; 

FIGS. 3A to 3D is a timing waveform diagram to 
help explain tiie operation principle of the first 
embodiment; 

FIG. 4 is a block diagram of a digital optical receiver 
drcuit according to a second embodiment of tiie 
present invention; 

FIG. 5 is a block diagram of a digital optical receiver 
drcuit according to a third embodiment of the 
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present invention; 

FIG. 6 is a block diagram of a digital optical receiver 
circuit according to a fourth embodiment of the 
present invention; 

FIGS. 7A to 7D is a timing waveform diagram to s 
help explain the operation principle of the fourth 
embodiment; 

FIG. 8 is a block diagram of a digital optical receiver 
circuit according to a fifth embodiment of the 
present invention; ro 
FIG. 9 is a block diagram of a digital optical receiver 
circuit according to a sixth embodiment of the 
present invention; 

FIG. 10 is a block diagram of a digital optical 
receiver circuit according to a seventh embodiment is 
of the present invention; 

FIG. 11 is a block diagram of a digital optical 
receiver circuit according to a eighth embodiment of 
the present invention; 

FIG. 12 is a block diagram of a digital optica! 20 
receiver circuit according to a nintii embodiment of 
the present invention ; 

FIG. 13 is a circuit diagram of tine first peak sensing 
circuit and the reset circuit in the nirrth embodiment; 
FIG. 14 is a block diagram of a digital optical 
receiver circuit according to a tenth embodiment of 
the present invention; 

FIGS. 15A to 15F is a timing waveform diagram to 
help explain the operation principle of tiie offset 
compensating section and amplitude limit amplify- 
ing section in the tenth embodiment; 
FIG. 16 is a block diagram of a digital optica! 
receiver circuit according to a eleventh embodiment 
of the present invention; 

FIG. 17 is a block diagram of a digrtaE optica! 
receiver circuit according to an twelfth embodiment 
of the present invention; 

FIG. 18 is a block diagram of a digital optical 
receiver circuit according to an tiiirteenth embodi- 
ment of the present invention; . 40 
FIG. 19 is a block diagram of a digital optical 
receiver circuit according to a fourteenth embodi- 
ment of the present invention; 
FIG. 20 is a block diagram of a digital optical 
receiver circuit according to a fifteenth embodiment 45 
of the present invention; 

FIG. 21 is a block diagram of a digital optica! 
receiver circuit according to a sixteenth embodi- 
ment of tine present invention; 
FIG. 22 is a block diagram of a digital optical 50 
receiver circuit according to an seventeenth 
embodiment of tiie present invention; 
FIG. 23 is a block diagram of a digital optical 
receiver circuit according to a eighteentfi embodi- 
ment of tiie p.''esent invention; 
FIG. 24, iS; a block diagram of a digital optical 
receiver circuit according to a nineteenth embodi- 
ment of ^the present invention; 
FIG. 25 is a. block diagram of .a digital optical 


receiver circuit according to a twentieth embodi- 
ment of the present invention; 
FIG. 26 is a block diagram of a digital optical 
receiver circuit according to a 21 -th embodiment of 
tiie present invention; 

FIG. 27 is a block diagram of a digital optical 
receiver circuit according to a 22-th embodiment of 
tiie present invention; and 
FIG. 28 is a circuit diagram of the first peak sensing 
circuit and the first reset circuit in tiie 22-th embod- 
iment. 

Hereinafter, refen^ing to the accompanying draw- 
ings, embodiments of the present invention will be 
explained. 

FIG. 2 shows the configuration of a digital optical 
receiver circuit according to a first embodiment of the 
present invention. The optical receiver circuit oonrprises 
a photcdiode 1 , a preamplifier 2. a first and second peak 
sensing circuits 3 and 4. a first and second median out- 
put circuits 5 and 6, and a level comparison circuit 7. 

The input optical signal Pin projected on the photo, 
diode 1 is converted into a photoelectric current, wrfiich 
is current-voltage converted by tiie preamplifier 2. The 
25 preamplifier then produces the positive phase output V+ 
and the opposite phase output V.. The first and second 
peak sensing drcuits 3 and 4 sense and hold the posi- 
tive phase output V+ and opposite phase output V. of 
the preamplifier 2. 

The first median output circuit 5 outputs tiie median 
Vn,+ between the positive phase output V+ of tiie pream- 
plifier 2 and tiie output Vp. of tiie second peak sensing 
output circuit 4. Similarly the second median output cir- 
cuit 6 outputs the median V^. between tiie opposite 
phase output V. of the preamplifier 2 and the output Vp+ 
of the first peak sensing output circuit 3. 

Tiie level comparison circuit 7 compares the level of 
the output Vrr;^ of tiie first median output circuit 5 and 
tiiat of tiie output V^,. of the second median output cir- 
cuit 6 and amplifies the level difference, thereby produc- 
ing a reception signal Vo. 

The operation of tiie first embodiment thus con- 
structed will be described by reference to FIGS. 3A to 
3D. 

With the configuration of FIG. 2, the structure 
including the peak sensing circuits 3, 4 and median cut- 
put circuits 5, 6 functions as an offset compensating 
section. The first level comparison circuit 7 functions as 
an amplitude limit amplifier section. 

FIGS. 3A to 3D is a timing waveform diagram to 
help explain the operation principle of the first embodi- 
ment. FIG. 3A shows the power level change of the 
input optical signal Pin; FIG. 3B shows the level change 
of the positive phase output V+ and opposite phase out- 
55 put V. Of the preamplifier 2 and tiie level change of the 
. peak sensing outputs Vp^. and Vp. of tiie peak sensing 
circuits 3, 4; FIG. 3C shows tiie level change of ttie 
median output Vm+ and V^,. of the median output cir- 
cuits 5. 6; and FIG. 3D shows ttie level change of ttie 
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output Vo of the level comparison circuit 7. 

In general, the burst signal conrtpatible receiver cir- 
cuit enables response, starting with the first bit. so that 
AC connection is not suitable for this circuit and there- 
fore DC connection is used. For this reason, as shown s 
in FIG. 3B, the positive phase output and opposite 
phase output V. of the preannplifier 2 have the DC offset 
voltage 2d resulting from the dark current of the photo- 
diode 1 or the offset noise voltage in the preamplifier 2 
when there is no signal input. 

First, when a burst signal is being waited for. that is. 
when no signal with input optical signal Pin = 0 has 
been continuing, the positive phase output and 
opposite output V. of the preamplifier 2 are given by the 
following equations: 

V^ = Vdc + d (1) 

V. = Vdc-d 

where Vdc is expressed as: 

Vdc = (V^+V.)/2 (3) 

Vdc is therefore constant, regardless of the input 
optical Pin and DC offset voltage d. 

The output Vp^ of the first peak sensing circuit 3 
and the output Vp. of the second peak sensing circuit *4 
are given by the following equations, which are the 
same as equation (1) and equation (2): 

Vp^ = Vdc-d • (4) 

Vp.=Vdc + d (5) 

As a result, the output Vf^^. of the first median out- 
put circuit 5 and the output Vr^,. of the second median 
output circuit 6 are given by the following equations: 


V^=(V^+Vp^)/2 = Vdc ; (7) 

Then, when the input optical signal Pin is supplied, 
the input optical signal Pin is converted photoelectrically 45 
by the photodiode 1, followed by the cun^ent-voltage 
conversion at the preamplifier 2. When the first bit in the 
burst signal has peaked, this gives: 

V^ = Vdc-d + A (8) 50 

V: = Vdc + d-A ' (9) 

where A is the amplitude of the positive phase 
output and the opposite phase output v.. ss 

To cause the first peak sensing circuit 3 to sense 
and hold the peak of the positive phase output V^, the 
peak sense output Vr^. is given by: 


8 

Vp^ = V^ = Vdc-d + A (10) 

To cause the second peak sensing circuit 4 to 
sense and hold the peak of the opposite phase output V. 
, the peak sense output Vp. is given by equation (5) for 
no signal. As a result, the output Vf^^. of the first median 
output circuit 5 and the output V^^ of the second median 
output circuit 6 are as shown in FIG. 3C and are given 
by the following equations: 

V^^=:Vdc + A^ (11) 

V^. = Vdc (12) 

Then; when the input optical signal Pin goes low 
again, the positive phase output V^ and opposite phase 
output V. of the preamplifier 2 are expressed again by 
equation (1) and equation (2). At this time, the output 
Vp^. of the first peak sensing circuit 3 has the value of 
equation (10) at the time when it was at the high level, 
and the output Vp. of the second peak sensing circuit 
has the value of equation (5) at the time when there was 
no signal. As a result, the output V^^^ of the first median 
output circuit 5 and the output Vfr^.of the second median 
output circuit 6 are given by the following equations: 

V^=Vdc (13) 

V^ = Vdc + A/2 (14) 

TTierefbre, the output V^^^ of the first median output 
circuit 5 and the output V^. of the second median output 
circuit 6 are complementary signals whose amplitude is 
A/2 and whidi have the same DC level. 

As a result; the comparison of Vm+ with V^-at the 
level corfiparisbn drcuit 7 makes it possible to output 
tiie reception signal Vo, starting with the first bit in tiie. 
burst signal, witiiouit permitting duty fluctuations and tiie 
deterioration of the reception sensitivity resulting from 
tiie output offset voltage of tiie preamplifier 2. The same 
holds true when tiie amplitude of the positive phase out- 
put V+ and tiiat of tiie opposite phase output V. inaease 
to A'. 

FIG. 4 shows the configuration of a digital optical 
receiver circuit according to a second embodiment of 
tiie present invention. In the optical receiver circuit, tiie 
first and second median output circuits 5, 6 are com- 
posed of resistance division circuits consisting of resis- 
tors R1, R2, R3, and R4. it is assumed that tiie 
resistance values of the resistors R1 to R4 are R1 = R2 
and R3 = R4. Witii tiiis configuration, the median output 
circuits 5, 6 can be realized easily. 

FIG. 5 shows the configuration of a digital optical 
receiver circuit according to a tiiird embodiment of tiie 
present invention. In this optical receiver circuit, the first 
and second peak sensing circuits 3, 4 in the first embod- 
iment are replaced with a first and second bottom value 
sensing circuits 3'. 4', respectively. The third embodi- 
ment, in which tiie peak values are replaced with tiie 
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bottom values, operates in a similar manner to the first 
embodiment, and produces a similar effect. 

FIG. 6 shows the configuration of a digital optical 
receiver circuit according to a fourth embodiment of the 
present invention. In the optical receiver circuit, the f iret s 
and second median output circuits 5. 6 in the first 
embodiment are replaced with a first and second adder 
circuits 5', 6'. 

FIGS. 7A to 7D is a timing waveform diagram to 
help explain the operation principle of the fourth embod- io 
iment. FIG. 7A shows the power level change of the 
input optical signal Pin; FIG. 7B shows the level change 
of the positive phase output V+ and opposite phase out- 
put V. of the preamplifier 2 and the level change.of the 
peak sensing outputs Vp^. and Vp. of the respective is 
peak sensing circuits 3. 4; FIG. 7C shows the level 
change of the addition outputs Vg and Vg. of the adder 
circuits 5', 6': and FIG. 7D shows the level change of the 
output Vo of the level comparison circuit 7. 

As seen from these figures, with the configuration 20 
of the fourth embodiment, the output V^^ of the first 
adder circuit 5' and the output Vg. of the adder drcuit 6' 
are signals having the same amplitude and DC level. 
Therefore, the fourth embodiment operates in a similar 
manner to the first embodiment and produces a similar 
effect. 

FIG. 8 shows the configuration of a digital optical 
receiver circuit according to a fifth embodiment of the 
present invention. In the optical receiver circuit, the off- 
set compensating section in the tenth embodiment of 30 
FIG. 2 is composed of peak sensing circuits 3 and 4, a 
first differential circuit 13 that out)uts the difference 
between the positive phase output y+ of the preamplifier 
2 and the output Vp+ of the peak sensing circuit 3, a sec- 
ond differential circuit 14 that outputs tiie difference 35 
between the opposite phase output V. of the preampli- 
fier 2 and the output Vp. of ihe peak serising circuit 4. 

With the configuration of the emiDcxiiment, the out- 
put Vd+ of the first differential circuit 13 and the output 
Vd. of the second differential circuit 14 are complemen- 46 
tary signals that are the same in anrplitude and DC 
level. As a result, the fifth embodiment operates in a 
similar manner to the embodiment of FIG. 2 and pro- 
duces a similar effect. 

FIG. 9 shows tiie configuration of a digital optical 45 
receiver circuit according to a sixtii embodiment of the 
present invention. In the optical receiver circuit, the off- 
set compensating section in the first embodiment of 
FIG. 2 is composed of peak sensing circuits 3 and 4, a 
first differential circuit D1 1 1 that uses the positive phase so 
output V+ of the preamplifier 2 and the output Vp^ of the 
peak sensing circuit 3 as inputs, a second differential 
circuit D1 12 that uses the opposite phase output V. of 
the preamplifier 2 and the output Vp, of the peak sens- 
ing circuit 4 as inpirts, and a current addition-type differ- , ss 
ential circuit pair made up, of a first collector resistor 
R1 11 and a second collector resistor R1 1 2. 

The first differential circuit D11 1 is composed of a 
first transistor Till whose base is supplied .with the. 


positive phase output V^. of tiie preamplifier 2. a second 
transistor T1 12 whose base is supplied with the output 
Vp^. of tiie peak sensing circuit 3. a resistor R113 one 
end of which Is connected to the emitter of the first tran^ 
sistor Till, a resistor R114 one end of which is con- 
nected to the emitter of tiie second transistor T1 12, and 
a first current source 1111 connected to the other end of 
each of the resistors R1 13. R1 14. 

The second differential circuit D1 12 is composed of 
a third transistor T1 13 whose base is supplied witii the 
output Vp. of the peak sensing circuit 4, a fourth transis- 
tor Til 4 whose base is supplied with tiie opposite 
phase output V. of the preamplifier 2, a resistor R115 
one end of which is connected to the emitter of the third 
transistor Til 3, a resistor R116 one end of which is 
connected to the emitter of the fourth transistor T1 14, 
and a second current source 1112 connected to tiie 
other end of each of the resistors R1 1 5, R1 1 6. 

The collector of ttie first transistor T1 1 1 and tfiat of 
tiie third transistor T1 13 are connected to a first com- 
mon collector resistor R1 1 1 . The collector of the second 
transistor T1 1 2 and that of the fourth transistor Til 4 are 
connected to a second common collector resistor R1 1 2. 

It is assumed tiiat the resistors R1 1 1 , Rl 1 2, R1 1 3, 
R114, R115, and R116 have the following resistance 
values: R111 = R11!2. R113 = R114 = R115 = R116. 

With the configuration of tiie embodiment, tiie posi- 
tive phase output and opposite output V^cj. of ttie 
current addition-type differential circuit pair are comple- 
mentary signals that are the same in amplitude and DC 
level. As a result, tiie sixth embodiment operates in a 
similar manner to tiie embodiment of FIG. 2 and pro- 
duces a similar effect. 

FIG. 10 shows the configuration of a digital optical 
receiver circuit according to a seventh embodiment of 
the present invention. In the optical receiver circuit, tiie 
offset compensating section in tiie tenth embodiment is 
composed of peak sensing circuits 3 and 4, a first differ- 
ential circuit D121 that uses the positive phase output 
V^ and opposite phase output V. of the preamplifier 2 as 
inputs, a second differential circuit D 122 that uses ttie 
output Vp.of the peak sensing circuit 4 and tiie output 
Vp^. of the peak sensing circuit 3 as inputs, and a current 
addition-type differential circuit pair made up of a first 
collector resistor R121.and a second collector resistor 
R122. 

The first differential circuit D121 is c^omposed of a 
first transistor T121 whose base is supplied with the 
positive phase output V+ of tiie preamplifier 2, a second 
transistor T122 whose base is supplied with the oppo- 
site phase output V.of the preamplifier 2, a resistor 
Rl 23 one end of which is connected to tiie emitter of the 
first transistor T121 , a resistor Rl 24 one end of which is 
connected to tiie emitter of the second transistor T1 22, 
and a first cun-ent source 1121 connected to the other 
end of each of the resistors R123, R124. 

The second differential ciraiit D122 is composed of 
a third transistor T123 whose base is supplied with ttie 
output Vp. of the peak sensing circuit 4, a fourth transis- 
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tor T124 whose base is supplied with the output V^^ of 
the peak sensing circuit 3. a resistor R125 one end of 
which is connected to the emitter of the third transistor 
T123. a resistor R126 one end of which is connected to 
the eniitter of the fourth transistor T124, and a second 5 
cun-ent source 1122 connected to the other end of each 
of the resistors R125, R126. 

The collector of the f irst transistor T121 and that of 
the third transistor T123 are connected to a first con> 
mon collector resistor R121 . The collector of the second 10 
transistor T1 22 and that of the fourth transistor T1 24 are 
connected to a second common collector resistor R122. 

It is assumed that the resistors R121, R122. R123. 
R124. R125, and R126 have the following resistance 
values: R121 = R122, R123 = R124 = R125 = R126. is 

With the configuration of the embodiment, the posi- 
tive phase output V^a^. and opposite output V^^j. of the 
current addition-type differential circuit pair are conple- 
mentary signals that are the same in amplitude and DC 
level. As a result, the seventh embodiment operates In a 20 
similar manner to the embodiment of FIG. 2 and pro- 
duces a similar eff^. 

FIG. 1 1 shows tiie configuration of a digital optical 
receiver circuit according to a eighth embodiment of the 
present Invention. In the optical receiver circuit, the 25 
structure after the preamplifier 2, including the peak 
sensing circuits 3, 4, median output ciroiits 4. 6, and 
level comparison circuit 7. is determined to be an offset 
compensating section A, and n stages of offset com- 
pensating section A are conneded in a cascade. The 30 
offset connpensating sections at the Individual stages 
are Indicated by reference symbols A1, A2, An, 
respectively. 

In the case of the configuration of one stage offset 
compensating section A. the level conrparison circuit 7 35 
has to cover the amplification of small signals to large 
signals. Therefore, the level conrparison circuit mist 
have a relatively large gain. 

Because the level comparison circuit 7 with a large ' 
gain anplifies the input offset voltage arising frotn vkr'i- "40 
ations in the elements, it cannot Identify a small signal. ' 
A similar problem arises when variations In the acoi- 
racy of the peak sensing circuits 3. 4 prevent ah'^ccu- 
rate offset conpensatlon. 

To overcome this problem, the configuration of the ' 45 
embodiment widens the Input voltage range for linear 
operation by connecting multiple stages of offset com- 
pensation section A and thereby decreasing the gain of 
the level comparison circuit 7 at each stage:' With this 
configuration; a small signal can be anplifled'in the lin- ' 5a 
ear operation range of the level conparison circuit 7 at 
each stage. Even when an accurate offset conpensa- 
tlon cannot be' made because of the offset voltage 
caused for the aforementioned reason, offset compen- 
sation can be made again at the following and later off- ss 
set compensation sections. 

As described above, when the offset caused at the 
offset conpensating section at each stage Is sufficiently 
smaller than the signal limited at the level comparison 
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circuit 7, the signal can be amplified, while being com- 
pensated at each stage. This makes it possible to carry 
out offset conpensatlon efficiently and widen the 
dynamic range. 

While in the elglith embodiment, replacing the peak 
sensing circuits 3. 4 of each of the offset conpensating 
sections A1 to An with bottom value sensing circuits 
enables a similar operation. 

The offset compensation sections A1 to An may be 
replaced by those of the type shown In FIG. 9 or FIG. 1 0 
or by those of the type shown in FIG. 8, FIG. 12 (later 
described). In this case, the same advantages as the 
embodiment shown In FIG. 11 are achieved. 

With the configuration of each of the above embod- 
iments, when a small amplitude burst signal Is Inputted 
immediately after a large amplitude burst signal, the 
charge heki in tiie peak sensing circuits 3. 4 or tiie bot- 
tom value sensing circuits 3', 4' cannot be discharged 
instantaneously, and tiiere is a possibility that tiie 
receiver circuit will malfunction. 

FIG. 12 shows the oonflguration of a digital optical 
receiver circuit aocdr'ding to a nintii embodiment of tiie 
present invention. In the optical receiver circuit, a reset 
drcuit 12 tiiat resets tiie first and second peak sensing 
circuits 3. 4 is added to the configuration of the first 
emtKXliment. Receiving a reset signal, the reset circuit 
12 returns tiie f ii^t and second peak sensing circuits 3. 
4 to tiie initial state instantaneously. 

With the above configuration, even when a small:' 
amplitude burst signal is inputted immediately after a. 
large anplitude burst signal, it is possible to recognize- 
tiie burst signal, starting ttie first bit. by supplying a reset, 
signal to the reset drcuit 12 after the burst signal has' 
ended. ' . 

FIQ 13 shows a concrete configuration of tiie first 
peak sensing circuit 3 and reset circuit 12. The peak 
sensing drcuit 3 applies thie input voltage to a holding 
capacitor C1 via a diode D1 , thereby charging the hold- 
ing capacitor CI, and supplies tiie charging voltage^ 
from a buffer B1 . Specifically, when the Input signal Is at. 
the high level, the peak sensing circuit charges the hold- 
ing capacitor CI. When tiie input signal is at the low 
level, the circuit makes the Input and output a high 
Inpedance, tiiereby cutting off the discharging patii of 
tiie charge held in tiie holding capacitor C1 to sense 
and hold the peak value. 

The reset circuit 12 is composed of a transistor T1 
In parallel witii tiie holding capacitor C1 of tiie peak 
sensing circuit 3. By inputting a reset signal to the base 
of tiie ti'anslstor T1, it is possible to discharge the 
charge heki in the holding capadtor CI Instantaneously 
and tiiereby reset the peak sensing circuit 3. 

By connecting tiie transistoi' T1 In parallel witii tiie 
holding capacity of tiie second peak sensing circuit 4, it 
Is possible to reset the second peak sensing drcuit 4 
togetiier with tiie first peak sensing drcuit 3. 

Wrth tiie conf igui-ation shbwn in each of FIGS. 4, 5. 
6, 8, 9 , 10 and 11. a similar Operation to that of tiie 
embodiment of FIG. 12' can be realized by providing a 
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reset circuit that resets the peak sensing circuits 3. 4 or 
the bottom value sensing circuits 3', 4'. 

With the configuration composed only of the offset 
compensating sections and the amplitude limit amplifier 
sections, when the marking rate of the input signal has s 
fluctuated, or when the same symbols have continued, 
the charge held in the peak sensing circuit 3 or 4 will be 
discharged. In the case of small signals, in particular, 
the offset compensating section cannot carry out accu- 
rate offset compensation because the output Vp^. of the io 
peak sensing circuit 3 or the output Vp. of the peak 
sensing circuit 4 fluctuates. 

To require the response from the first bit in the burst 
signal, the time constant of each of the peak sensing cir- 
cuits 3, 4 has to be set small, causing resistance to flue- is 
tuations in the marking rate and resistance to the 
continuation of the same symbols to deteriorate more. 

In the case, even if a multistage structure as shown 
in FIG. 1 1 is used, variations in the outputs Vp^ and Vp. 
of the peak sensing circuits 3, 4 caused at the preceding 20 
stage cannot be removed. The function of the afore- 
mentioned DC level reproducing section is effective in 
removing such fluctuations in the embodiments which 
will be described below. 

FIG. 14 shows the configuration of a digital optical 2s 
receiver circuit according to a tenth embodiment of the 
present invention. The optical receiver circuit comprises 
a photodiode 1 , a preamplifier 2. a first and second peak 
sensing circuits 3, 4, a first and second median output 
circuits 5. 6, and a first level comparison circuit 7, as the 30 
first embodiment. The optical receiver circuit of the tenth 
embodiment further comprises a second level compari- 
son circuit 8 and an adder circuit 9. 

The input optical signal Pin projected on the photo- 
diode 1 is converted into a photoelectric current, which 3S 
is current-voltage converted by the preamplifier 2. The 
preamplifier then produces the positive phase output V+ 
and the opposite phase output V.. The first and second 
peak sensing circuits 3 and 4 sense and hold the peaks 
of the positive phase output V+ and opposite phase out- 40 
put V. of the preamplifier 2, respectively. 

The first median output circuit 5 outputs the median 
Vm+ between the positive phase output V+ of the pream- 
plifier 2 and the output Vp. of the second peak sensing, 
output circuit 4. Similarly, the second median output cir- 45 
cuit 6 outputs the median V^. between the oi:^site 
phase output V. of the preamplifier 2 and the output Vp^. 
of the first peak sensing output circuit 3. 

The first level comparison circuit 7 compares the 
level of the output V^^^ of the first median output circuit so 
5 and that of the output V^. of the second median out- 
put circuit 6 and amplifies the level difference, thereby 
producing the positive phase output V^^ and opposite 
phase output Vq.. The second level comparison circuit 8 
compares the level of the output Vp, of the peak sens- ss 
ing circuit 3 and that of the output Vp. of the peak sens- 
ing circuit 4 and amplifies the level difference with the 
gain half of the first level comparison circuit 7, therei5y 
producing the ppsitive phase output Vp^+ .and opposite 


phase output Vpc.. 

The adder circuit 9 adds the output V^^ of the first 
level comparison circuit 7 to the output Vp^^ of the sec- 
ond level comparison circuit 8 and the output Vq. of the 
first comparison circuit 7 to the output Vp^. of the sec- 
ond level comparison circuit 8, thereby producing Vout+ 
and Vou,.. 

With the configuration of FIG. 14, the structure 
including the peak sensing circuits 3, 4 and median out- 
put circuits 5, 6 functions as an offset compensating 
section. The first level conrparison circuit 7 functions as 
an amplitude limit amplifier section. The structure 
including the second level comparison circuit 8 and 
adder drcuit 9, functions as a DC level reproducing sec- 
tion. 

The offset compensating section and the amplitude 
limit amplifier section operate in the same way as in the 
first emlx>diment. The operation of the DC level repro- 
ducing section will be described below. 

The DC level reprodudng section in the embodi- 
ment of FIG. 14 will be described by reference to FIGS 
15Ato15F 

FIGS. 15A to 15F are timing waveform diagrams to 
help explain the operation principle of the tenth embod- 
iment. FIG. ISA shows the power Iwel change of the 
input optical signal Pin; FIG. 15B shows the level 
change of the positive phase output V+ and opposite 
phase output V. of tiie preamplifier 2 and the level 
change of the peak sensing outputs Vp^ and Vp. of the 
peak sensing circuits 3 and 4, respectively; FIG. 15C 
shows the level change of tiie median output V^^ and 
V^^. of tiie median output circuits 5, 6; FIG. 15D shows 
tiie level change of the outputs V^^ and Vq. of the first 
level comparison ciraiit 7; FIG. 15E shows the level 
change of the outputs Vpc+ and Vp^. of the second level 
comparison circuit 8; and FIG. 15F shows the level 
change of the outputs Vout+ and Vouf of the adder circuit 
9. 

When fluctuations in the marking rate of the input 
signal or ihe continuation of the same symbols causes 
the output Vp.^ of the peak sensing circuit 3 or the output 
Vp. of the peak value sensing circuit 4 to fluctuate, accu- 
rate offset compensation cannot be carried out as seen 
from FIG. 15C. As a result, comparison and amplifica- 
tion at the level comparison circuit 7 will contribute to 
duty deterioration or erroneous symbols as shown in 
FIG. 15D. In this case, even when a multistage structure 
is used as shown in FIG. 11, variations in the outputs 
Vp^ and Vp. of the peak sensing circuits 3, 4 cannot be 
removed. . 

To overcome this problem, the configuration of the 
tentii embodiment adds the outputs Vp^^ and Vpc. of the 
level comparison circuit 8 of FIG. 15E to the outputs Vo+ 
and Vq. of the level comparison circuit 7 of FIG. 15D, 
thereby producing the outputs Vo^t, and V^^ut- of the 
adder circuit 9 from which the variations in the outputs 
Vp^. and Vp. of tiie peak sensing circuits 3, 4 have been 
removed, as shown in FIG.' 15F 

VWh this configuration, even whesi fluctuations in 
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the marking rate or the continuation of the same synv 
bols cause the outputs Vp^. and Vp. of the peak sensing 
circuits 3. 4 to fluctuate, resistance to fluctuations in the 
marking rate and resistance to the continuatior^ of tiie 
same symbols are improved, because the DC level 5 
reprodudng section removes fluctuations in the DC 
component. 

FIG. 16 shows the conf iguration of a digital optical 
receiver circuit according to a eleventh embodiment of 
the present invention. In the optical receiver circuit, the 10 
first and second median output circuits 5, 6 in the tenth 
emtxxjiment of FIG. 14 are composed of resistance 
division circuits consisting of resistors R1, R2, R3, and 
R4. It is assumed that the resistors R1 to R4 have the 
following values: R1 = R2 and R3 = R4. With this config- is 
uration, the median output circuits 5. 6 can be realized 
easily. 

FIG. 17 shows the configuration of a digital optical 
receiver circuit according to an twelfth embodiment of 
the present invention. In the optical receiver circuit, the 20 
amplitude limit amplifier section and DC level reproduc- 
ing section are composed of a current-addition-type dif- 
ferential circuit pair made up of a f irit differentiat'drcurt 
D81 using the outputs Vm+ and 7^. of the median but- ; 
put circuits 5. 6 as inputs and a second differential dr- ' 25 
cuit D82 using the outputs Vj^ and Vp.*of tiie peak 
sensing circuits 3. 4 as inputs, a first collector resistor 
R81 , and a second collector resistor R82. 

Specifically, the first differential drcuit D81 is com- 
posed of a first transistor T81 whose base is supplied' 36 
with the output Vm+ of the median output circuit 5, a sec- 
ond transistor T82 whose base is supplied with th€> out- 
put \frry of the median output drcuit 6;* a resistor R83 
one end of which is connected to the emitter of the first 
transistor T81 , a resistor R84 one end of whidi is con- 35 
nected to the emitter of the second transistor T82. and 
a first cun-ent source 181 connected to the other end of 
each of the resistors R83. R84. 

The second differential circuit D82 is composed of a 
third transistor 183 whose base is supplied with the out- 46 
put Vp^ off the peak sensing drcuit 3, a fourth transistor 
T84 whose base is supplied with the output Vpl of the 
peak sensing circuit 4. a resistor R85 one end of which 
is connected to the emitter of the third transistor T83, a 
resistor R86 one end of which is connected to the emit- 45 
ter of the fourth transistor T84. and a second cun'ent 
source 182 connected to the other end of each of the 
resistors R85, R86. 

:: The collector of the first transistor T81 and that of 
the third transistor T83 are connected to a first common so 
collector resistor R81 . The collector of the second tran- 
sistor T82 and that of the fourth transistor T84 are con- 
nected to a second common collector resistor R82. 

It is assumed that the resistors R81. R82, 
R83, ' R84, R85. and R86 have the following ss 
resistance values: R81 * = R82, 
R83 = R84 = (1/2) x R85 = (1/2) x R86 . 

This configuration facilitates the realization of the 
DC level reprodudng section and produces a similar 


effect to the embodiment of FIG. 1 4. 

FIG. 18 shows the configuration of a digital optical 
receiver drcuit according to an thirteenth embodiment 
of the present invention. In the optical receiver drcuit, 
multiple stages of a set of the offset connpensating sec- 
tion, amplitude limit amplifier section, and DC level 
reproducing section in the tenth embodiment are con- 
nected (in FIG. 18. n stages), and the gain of the level 
comparison drcuit 7 at each stage is decreased to 
widen ttie input voltage range for linear operation. 

With this configuration, the offset compensating 
section and amplitude limit amplifier section at each 
stage compare 'and amplify only the AC component of 
the input signal in the linear operation range of the level 
comparison circuit 7 and the DC level reproducing sec- 
tion removes fluctuations in the DC component. This 
makes it possible to supply the signal free from fluctua- 
tions in the DC component fo the offset compensating 
section at the ne>ct stage. 

As a result, even when accurate offset compensa- 
tion cannot be carried but because fluctuations in the 
marking rate or the continuation of the same symbols 
have caused the outputs Vp+ and Vp. of the peak sens- 
ing circuits 3. 4 to fluctuate, the offset compensating 
sections, at the following and later stages can perform 
offset compensation, which enables efficient offset 
compensation and widens tiie input dynamic range. 

With tiie thirteentii embodiment, even when the * 
marking rkte has fluctuated or tiie same symbols have 
continued. ; a high-speed burst signal with a wide- 
dynamic range can be amplified accurately. The operat- 
ing point^ df'tiie outputs Vq^^^. and V^ut. of the adder cir- 
cuit 9 do not coincide witii each otiier. so tiiey cannot be 
identified. This problem can be solved by the configura- 
tion of a fourteentii embodiment of tiie present inven- 
tion. ' 

FIG. 19 shows the configuration of a digital optical , 
receiver circuit according to a fourteentii embodiment of • 
the present invention. The optical receiver circuit is such- 
tiiat in the configuration composed of multiple stages of 
a set of tiie offset conpensating section, amplitude limit 
amplifier section, and DC level reproducing section in 
tiie thirteenth embodiment, the final stage is replaced 
with the offset compensating section and amplitude limit 
amplifier section in tiie tenth embodiment of FIG. 14. 

Wrth this configuration, a multistage connection (1 
to n - 1 stages) of offset compensating sections, ampli- 
' tude limit amplifier sections, and DC level reproducing 
sections amplifies a wide dynamic range input signal to 
a \we\ at which the input signal is suffidently resistant to 
fluctuations in the marking rate and the continuation of 
tiie same symbols. The offset compensating section 
and amplitude limit amplifier section at the final stage 
(the n-tii stage) identify tiie signal, thereby making it 
possible to identify the wide dynamic range' high-speed 
burst signal instantaneously. 

While in the fourteenth embodirnent. only the final 
stage is replaced with the offset compensating section 
and amplitude limit amplifier section of FIG. 14; a plural- 
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ity of stages from the final stage may be replaced in a 
similar manner. 

FIG. 20 shows the configuration of a digital optical 
receiver circuit according to a fifteenth embodiment of 
the present invention. In the optical receiver circuit, an s 
offset compensating section is constructed by replacing 
the first and second median output circuits 5, 6 in the 
tenth embodiment of FIG. 14 with a first and second 
adder circuits 5', 6'. The gain of the second level com- 
parison circuit 8 is determined to be the product of the io 
gain of either the second or third adder circuit 5', 6' and 
the gain of the first level comparison circuit 7. 

With the corrf iguration of the embodiment, the out- 
put of the second adder circuit 5* and the output V^. 
of the third adder circuit 6' are complementary signals is 
that are the same in amplitude and DC level, which ena- 
bles the DC level reproducing section to remove fluctu- 
ations in the DC component. As a result, the fifteenth 
embodiment operates in a similar manner to the embod- 
iment of FIG. 1 4 and produces a similar effect. . 20 

FIG. 21 shows the configuration of a digital optical 
receiver circuit according to a sixteenth embodiment of 
the present invention. The optical receiver circuit is such 
that the embodiment of FIG. 20 is provided with a third 
differential circuit 1 5 that has the same gain as those of 25 
the second and third adder circuits 5'. 6' and outputs the 
difference between Vp+ and. Vp. of the peak sensing cir- 
cuits 3, 4. and the gain of the second level comparison 
circuit 8 is determined to be the same as that of the first 
level comparison circuit 7. As a result, the sixteenth 30 
embodiment operates in a similar manner to the embod- 
iment of FIG. 1 4 and produces a similar effect. 

FIG. 22 shows the configuration of a digital optical 
receiver circuit according to an seventeenth embodi- 
ment of the present invention. In the optical receiver dr- .35 
cuit, the amplitude limit amplifier section and the DC 
level reproducing section in the sixteenth embodiment 
of FIG. 21 are composed of a cun-ent addition-type dif- 
ferential circuit pair made up of a first differential circuit 
D1 51 that receives the outputs Va+ and Vg. of the offset 40 
compensating section, a second differential circuit D 1 52 
that receives the outputs and Vp. of the peak sens- 
ing circuits 3, 4, a first collector resistor fl151, and a 
second collector resistor R1 52. 

The first differential circuit D151 is composed of a 45 
first transistor T1 5 1 whose base is supplied with the out- 
put Va+ of the offset compensating section, a second 
transistor T152 whose base is supplied with the output . 
Vg. of the offset compensating section, a resistor R153 
one end of which is connected to the emitter of the first so 
transistor T151, a resistor R154 one end of , which is 
connected to the. emitter of the second transistor T152, 
and a first current source 1151 connected to the other 
end of each of the resistors R153, R154. 

The second differential circuit D152 is composed of 55 
a third transistor T153 whose base is supplied with the 
output Vp^. of the peak sensing circuit 3, a fourth transis- 
tor T154 whose base is supplied with the output Vp. of 
the peak sensing circuit 4, a resistor R 155 one . end of 


which is connected to the emitter of the third transistor 
T153, a resistor R156 one end of which is connected to 
the emitter of the fourth transistor T154, and a second 
current source 1152 connected to the other end of each 
of the resistors R1 55, R156. 

The collector of the first transistor T151 and that of 
the third transistor T153 are connected to a first com- 
mon collector resistor R151 . The collector of the second 
transistor T1 52 and that of the fourth transistor T1 54 are 
connected to a second common collector resistor R152. 

tt is assumed that the resistors R151, R152. R153, 
R154, R155, and R156 have the following resistance 
values: R151 = R152. R153 = R154 = R155 := R156. 

This configuration facilitates the realization of the 
DC level reproducing section, operates in a similar man- 
ner to the embodiment of FIG. 14 and therefore pro- 
duces a similar effect. 

FIG. 23 shows the configuration of a digital optical 
receiver circurt according to a eighteenth embodiment 
of the present invention. In the optical receiver circurt, 
the offset compensating section in the tenth embodi- 
ment of FIG. 14 is composed of peak sensing circurts 3 
and 4, a first differential circuit 1 3 that outputs the differ- 
ence between the positive phase output V+ of the 
preamplifier 2 and the output of the peak sensing 
circuit 3. a second differential circuit 14 that outputs the 
difference between the opposite phase output V. of the 
preamplifier 2 and the output Vp. of the peak sensing 
circuit 4. The gain of the second level comparison circuit 
8 is determined to be the product of the gain of either 
the first or second differential circuit 13, 14 and the gain 
of the first level comparison circuit 7. 

With the configuration of the embodiment, the out- 
put V(j^ of the first differential circuit 13 and the output 
Vcj. of the second differential circuit 14 are complemen- 
tary signals that are the same in amplitude and DC 
level, which enables the DC level reproducing section to 
remove fluctuations in the DC component. As a result, 
the eighteenth embodiment operates in a similar man- 
ner to the embodiment of FIG. 14 and produces a simi- 
lar effect.. 

FIG. 24 shows the configuration of a digital optical 
receiver circuit according to a nineteenth embodiment 
of the present invention. In the optical receiver circurt, 
the offset compensating section in the tenth embodi- 
ment of FIG. 1 4 is composed of peak sensing circuits 3 
and 4, a first differential drcuit D1 1 1 that uses the posi- 
tive phase output y+ of the preamplifier 2 and the output 
Vp^. of the peak sensing drcuit 3 as inputs, a second dif- 
ferentia! drcuit D1 12 that uses the opposite phase out- 
put V. of the preanrplif ier 2 and the output Vp. of the 
peak sensing drcuit 4 as inputs, and a cun-ent addition- 
type differential pircuit pair made up of a first collector 
resistor R1 1 1 arid a second collector resistor R1 12. The 
gain of the second level comparison circuit 8 is deter- 
mined to be the product of the gain of the differential cir- 
cuit composed of the first and second collector resistors 
R1 1 1 , R12, and the gjain of the first level comparison cir- 
cuit 7. . . 
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The first differential circuit D1 1 1 is composed of a 
first transistor T111 whose base is supplied with the 
positive phase output of the preamplifier 2. a second 
transistor T112 whose base is supplied with the output 
Vp+ of the peak sensing circuit 3. a resistor R1 13 one 5 
end of which is connected to the emitter of the first tran- 
sistor Till, a resistor R114 one end of which is con- 
nected to the emitter of the second transistor T1 1 2. and 
a first current source 1111 connected to the other end of 
each of the resistors R1 1 3, R1 1 4. 70 

The second differential circuit D1 12 is composed of 
a third transistor T1 13 whose base is supplied with the 
output Vp. of the peak sensing circuit 4, a fourth transis- 
tor T114 whose base is supplied with the opposite 
phase output V. of the preamplifier 2, a resistor R115 is 
one end of which is connected to the emitter of the third 
transistor T113, a resistor R116 one end of which is 
connected to the emitter of the fourth transistor T114, 
and a second current source 1112 connected to the 
other end of each of the resistors R1 15/RT16. 20 

The collector of the first transistor T1 1 1 and that of 
the third transistor Til 3 are connected to a first com- 
mon collector resistor R1 1 1 . The collector of the second 
transistor T1 1 2 and that of the fourth transistor T1 1 4 are 
connected to a second common collector resistor R1 12. 25 

It is assumed that the resistors R1 11. R1 12. R1 13, 
R114. R115. and R116 have the following resistance 
values: R111 = R112. R113 = R114 = R115= R116, 

With the configuration of the embodiment, the posi- 
tive phase output Vdd+ and opposite output Vdd- of the 30 
current addition-type differential circuit pair are comple- 
mentary signals that are the same in amplitude and DC 
level, which enables the DC level reproducing section to 
remove fluctuations in the DC component. As a result/ 
the nineteenth embodiment operates in a similar man- 3s 
ner to the embodiment of FIG. 1 4 and produces a simi- 
lar effect. 

FIG. 25 shows the configuration of a digital optical 
receiver circuit according to a twerrtieth embodiment of 
the present invention. In the optical receiver circuit, the 40 
offset compensating section in the tenth embodiment is 
composed of peak sensing circuits 3 and 4. a first differ- 
ential circuit D121 that uses the positive phase output 
and opposite phase output V. of the preamplifier 2 as 
inputs, a second differential circuit D122 that uses the 45 
output Vp.of the peak sensing circuit 4 and the output 

of the peak sensing circuit 3 as inputs, and a current * 
addition-type differential circuit pair made up of a first' 
collector resistor R121 and a second collector resistor 
R1 22. The gain of the second level comparison circuit 8 so 
Is determined to be the product of the gain of the differ- 
ential circuit composed of the first differential drcuit 
D121 and the first ard second collector resistors R121 . 
R122 and the gain of the first level comparison circuit 7. 

The first differential circuit D121 is composed of a ss 
first transistor T121 whose base is supplied with the 
positive phase output of the preamplifier 2. a second 
transistor T122 whose base is supplied with the oppo- 
site phase output V.of the preamplifier 2. a resistor 


R1 23 one end of which is connected to the emitter of the 
first transistor T1 21 . a resistor R1 24 one end of which is 
connected to the emitter of the second transistor T122. 
arxJ a first current source 1121 connected to the other 
end of each of the resistors R123. R124. 

The second differential circuit D 122 Is composed of 
a third transistor T123 whose base is supplied with the 
output Vp, of the peak sensing circuit 4, a fourth transis- 
tor T124 whose base is supplied with the output Vp^ of 
the peak sensing circuit 3. a resistor R125 one end of 
which is connected to the emitter of the third transistor 
T123. a resistor R126 one end of which is connected to 
the emitter of the fourth transistor T124. and a second 
current source 1122 connected to the other end of each 
of the resistors R125. R126. 

The collector of the first transistor T121 and that of 
the third transistor T123 are connected to a first com- 
mon collector resistor R121 . The collector of the second 
transistor T122 and that of the fourth transistor T1 24 are 
connected to a second common collector resistor R1 22. 

It is assumed that the resistors R121, R122. R123. 
R124. R125. and R126 have the following resistance 
values: R121 = R122. R123 = R124 = R125 = R126. 

With the configuration of the embodiment, the posi- 
tive phase output and opposite output V^cj. of the 
current addition-type differential circuit pair are comple- 
mentary signals that are the same in amplitude and DC 
level, which enables the DC level reproducing section to 
remove fluctuations in the DC component. As a result, 
the twentieth embodiment operates in a similar manner 
to the embodiment of FIG. 14 and produces a similar 
effect. 

FIG. 26 shows the configuration of a digital optical 
receiver circuit according to a 21-th emtxxiiment of the 
present invention. In the optical receiver circuit, the off- 
set compensating section in the tenth embodiment of 
FIG. 14 is replaced with an identification level sensing 
section composed of peak sensing circuits 3 and 4. a 
first differential circuit 13 that outputs the difference 
between the positive phase output and opposite 
phase output V. of the preamplifier 2, a second differen- 
tial circuit D122 that has the same gain as that of the 
first differential circuit 12 and outputs the difference 
between the output Vp^ of the peak sensing circuit 3 
and the output Vp. of the peak sensing circuit 4. The out- 
put of the second differential circuit 14 is used as the 
input to the second level comparison circuit 9. The gain 
of the second level comparison circuit 8 is determined to 
be the same as that of the first level comparison circuit 
7. 

With the configuration of the 21-th emtxxjim'ent, the 
output V(j. of the second differential drcuit 14 Is at the 
mid-level of the amplitude of the output Vd+ of the first 
differential circuit 13. Therefore, by comparing Vd+ with 
V^. at the first differential circuit 7. it is possible to output 
tiie reception signals Vo+, Vj^, starting with the first bit in 
the burst signal, witiiout duty fluctuations caused by tiie 
output offset voltage of the preamplifier 2 or the deterio- 
ration of the reception sensitivity. This enables the DC 
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level reproducing section to remove fluctuations in the 
DC component. As a result, the 21 -th embodiment oper- 
ates in a similar manner to the embodiment of FIG. 14 
and produces a similar effect. 

In the 2 1 -th embodiment, the outputs Vp^,. Vp^of the s 
first and second peak sensing circuits 3, 4 may be used 
as the inputs to the second level comparison circuit 8, 
and the gain of the second level comparison circuit 8 
may be the product of the gain of either the first or sec- 
ond differential circuit 13, 14 and the gain of the first io 
level comparison circuit 7. 

Furthermore, the configuration of the embodiment 
of FIG. 23 may be provided with a third differential circuit 
15 that has the same gain as those of the first and sec- 
ond differential circuits 13, 14. with the gain of the sec- is 
ond level comparison circuit 8 being the same as that of 
the first level comparison circuit 7. With this configura- 
tion, too, the embodiment operates in a similar manner 
to the embodiment of FIG. 14 and produces a similar 
effect. 20 

Still furthermore, the configuration of each of the 
embodiments of FIGS. 24 and 25 may be provided vi'rth 
a third differential circuit 15 that has the same gain as 
that of a differential circuit composed of the first differen- 
tial circuit D1 1 1 or D121 and thefirst and second collec- 25 
tor resistors, with the gain of the second level 
comparison circuit 8 being the same as that of the first 
level comparison circuit 7. With this configuration, too. 
the embodiment operates in a similar manner to the 
embodiment of FIG. 1 4 and produces a similar effect. 3o 

Furthermore, the configuration of each of the 
embodiments of FIGS. 23 to 26 facilitates the realization 
of the DC level reproducing section of the embodiment 
of FIG. 22. operates in a similar manner to the embodi- 
ment of FIG. 1 4, and therefore produces a similar effect. 3S 

Moreover, with the configuration composed of mul- 
tiple stages of a set of the offset compensating section 
or identification level sensing section, the anplitude limit 
amplifier section, and the DC level reproducing section 
in each of the embodiments of FIGS. 16, 17 and 20 to 40 
26. the embodiment operates in a similar manner to the 
embodiment of FIG. 1 8 and therefore produces a similar 
effect. 

Still furthermore, >jvith the configuration composed 
of multiple stages of a set of the offset compensating 45 
section or the identification level sensing section, the 
amplitude limit amplifier section, and the DC level repro- 
ducing section, the final stage or a plurality of stages 
including the final stage may be replaced with the offset 
compensating section or identification level sensing so 
section and the amplitude limit anpiifier section in each 
of the embodiments in FIGS. 14, 16, 17 and 20 to 26. 
With this configuration, too, the embodiment operates in 
a similar manner to the embodiment of FIG. 19 and 
therefore produces a similar effect. 55 

Still furthermore, v/hen a feedfonward type offset 
compensating section or identification level sensing 
section with peak sensing circuits 3, 4 is used except for 
the offset, compensating section of identification Iwel 


sensing section in each of the above embodiments, use 
of a DC level reproducing section enables the present 
embodiment to operate in a similar manner to each of 
the embodiments of FIGS. 14, 18, and 19. Therefore, 
the present embodiment produces a similar effect. 

With the configuration of each of the above embod- 
iments, however, when a small amplitude burst signal 
has an'ived immediately after a large amplitude burst 
signal, the charge held in the peak sensing circuits 3, 4 
cannot be discharged instantaneously, probably result- 
ing in a faulty operation of the recover circuit. This prob- 
lem will be solved by a 22-th entiodiment of the present 
invention. 

FIG. 27 shows the configuration of a digital optical 
receiver circuit according to a 22-th embodiment of the 
present invention. The optical receiver circuit is such 
tiiat a first and second reset circuits 1 6, 1 7 tiiat reset the 
first and second peak sensing circuits 3, 4. respectively, 
are added to the tenth embodiment of FIG. 14. Receiv- 
ing the reset signal, the reset circuits 16, 17 return the 
peak sensing circuits 3, 4 to the initial state instantane- 
ously. 

With the above configuration, even when a small 
amplitude burst signal is inputted immediately after a 
large amplitude burst signal, identification can be made, 
starting with the first bit. by supplying a reset signal to 
the reset circuits 16,17 after the completion of the burst 
signal 

FIG. 28 shows a concrete configuration of tiie first 
peak sensing circuit 3 and ttie first reset circuit 16. 

In FIG. 28, the peak sensing circuit 3 comprises a 
differential an^lif ier A1 , a rectification transistor T1 71 , a 
holding capacitor Cl , and an output buffer B1 . The input 
voltage V+ is applied to the holding capacitor CI. via the 
differential amplifier A1 and rectification transistor T1 71 . 
thereby charging the holding capacitor CI. The charg- 
ing voltage is supplied from a buffer B1 as Vp+. The dif- 
ferential amplifier A1 and rectification transistor T171 
constitutes a voltage follower, thereby achieving high 
accuracy tiirough the loop gain of the voltage follower. 

Specifically, when the input signal V+ is at the high 
lev^, the holding capacitor CI is charged. When the 
input signal V. is at the low level, the input and output 
, are made high impedance, which cuts off the discharg- 
ing path of the charge held in the holding capacitor CI , 
tiiereby sensing and holding the.peak. 

The reset circuit 16 comprises a current switching 
circuit composed of transistors T1 72, T1 73, a reference 
voltage source VI 71, and a voltage control cun-ent 
source 1171, and a differential anrpWier A2 that outputs 
the difference betvi'een tiie input and output signals V+ 
and Vp^. of the peak sensing circuit 3. 

In the reset circuit 16. tiie transistor T172 is con- 
nected in parsllel with the holding capacitor Cl of the 
peak sensing circuit 3. When a reset signal is supplied 
to tiie base of the transistor T172, ttie transistor T172 
turns on, discharging the charge held in the holding 
capacitor Cl instantaneously. When the output voltage 
of the differentia! amplifier A2 is used to control the cur- 
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rent value of the voltage control current source 1171. this 
enables the collector current of the transistor T1 72 to be 
controlled in proportion to the amount of charge held in 
the holding capacitor CI. Namely, discharging can be 
done accurately, regardless of the magnitude of the! 
input signal. 

With the configuration of each of the embodiments 
of FIGS. 16 to 26, use of the reset circuits 16. 17 that 
reset the peak sensing circuits 3, 4 enables the present 
embodiment to operate in a similar manner to the 
emlxxliment of FIG. 27. 

In the above embodiment, explanation has been 
given using the first and second peak sensing circuits 3, 
4. The first and second peak sensing circuits* 3, 4 may 
be replaced with a first and second bottom value sens- 
ing circuits, respectively. This configuration operates in 
a similar nr\anner to each of the above embodiments 
and therefore produces a similar effect, because the 
peak values are just replaced with the bottom values. ' ' 

While in each of the above emtxxjiments. a photo- 
diode is used as a light-receiving element, the photodi- 
ode may be replaced with an avalanche photodiode or 
an electric field absorption semiconductor optical ele- 
ment. In this case, too, a similar operation can be real- 
ized. 

The present invention is not limited b a digital opti- 
cal receiver circuit. Rather, it can be applied to a' 
receiver circuit for use in a digital signal transfer system 
which uses radio waves or metal cables for transferring 
digital signals. 

As described until now, vvith the pres^ent invention, it 
is possible to provide: a digital signal receiver drcurt 
capable of identifying a burst signal, starting with the 
first bit in the burst signal, without causing the degrada- 
tion of duty and the deterioration of the reception sensi- 
tivity resulting from the dark current of the light receiving 
element, fluctuations in the output offset voltage of the ' 
preamplifier, fluctuations in the marking rate of the input 
signal, or the continuation of the same symbols. 

Claims 

1. A digital signal receiver circuit characterized by 
comprising: ■ 

: a preamplifier (2) for generating 'a positive 
phase.'signal and the opposite phase signal 
from an input digital signal: 
a first level sensing circuit (3, 3*) for sensing 
and holding either the peak value or the bottom 
value of the- positive phase output of said 
preamplifier (2); 

a second level sensing circuit (4. 4") for sensing 
' and holding the same level value as that of said 

first level sensing circuit (3, 3*) from the peak 
. ' value or bottom value of the opposite phase 

output of said preamplifier (2); 

a first median output circuit (5, S") for outputling 
; ' the median between the positive phase output 


of said preamplifier (2) and the output of said 
second level sensing circuit (4, 4*); 
a second median output circuit (6, 6*) for out- 
putting the median between the opposite 
5 phase output of said preamplifier (2) and the 

output of said first level sensing circuit (3. 3*); 
and 

a first level comparison circuit (7) for comparing 
the output of said first median output circuit (5. 
10 5*) with the output of said second median out- 

put circuit (6. 6*] and oulputting a signal voltage 
with a constant amplitude within a specific input 
voltage range, wherein 

said first and second level sensing circuits (3, 
15 3', 4, 4'), first and second median output cir- 

cuits (5, 5*. 6, 6'), and said first level compari- 
son circuit (7) constitute an offset 
compensating section that performs the offset 
condensation of the DC level difference of the 
20 output of said preamplifier (2), and 

said first level comparison circuit (7) constitutes 
an anr^litude limit ahnplifier section that com- 
pares and amplifies the output of said offset 
compensating section. 

ks 

2. A digital signal receiver circuit according to claim 1 , 
characterized in tiiat said first and second median 
output circuits (5, 6) are §ach composed of resist- 
ance division circuits (R1, R2, R3, R4) that divide 

'30 and output botii inputs in the resistance ratio. 

3. A digital signal receiver circuit according to claim 1 . 
characterizedMn tiiat said first and second median 

' output circuits (5', 6*) are conrtposed of a first and 
35 * second 'adder drcuils (5*. '6*) that add both inputs 
and output the result. 

' 4. A digital signal receiver circuit according to claim 1 , 
characterized in that said offset compensating sec- 
40 tion further includes reset means (12. 16. 17) for 
resetting said first and second level seinsing circuits 
(3,5'. 4,4V 

5. A digital signal receiver circuit according to claim 4, 
45 characterized in tiiat said reset means (16, 17) 

resets said first and second level sensing circuits 
(3. 3'. 4; 4") with the timing of each input signal. 

6. A digital signal receiver circuit according to claim 1 . 
50 charactei-ized in that more sets of said offset com- 
pensating section (3, 3*; 4. 4*. 5, 5', 6. 6*) and ampli- 
tude limit amplifier section (7) are repeated in ttie 
form of multistage connection. 

55 7. A digital signal receiver circuit according to claim 1 , 
characterized by further comprising : 

a second level comparison circuit (8) that has 
the gain half of tiie gain 'of said first level com,- 
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parison circuit (7) and that compares the output 
of said first level sensing circuit (3, 37 with the 
output of said second level sensing circuit (4, 
4*) and outputs a signal voltage with a constant 
amplitude within a specific Input voltage ampli- 5 
tude range; and 

a third adder circuit (9) that adds the output of 
said first level comparison circuit (7) to the out- 
put of said second level comparison circuit, 
wherein ro 
said second level comparison circuit (8) and 
said third adder circuit (9) constitute a DC level 
reproducing section that compensates for fluc- 
tuations in the outputs of said first and second 
level sensing circuits (3, 3', 4, 4% is 

A digital signal receiver circuit according to claim 7, 
characterized in that said amplitude limit amplifier 
section and said DC level reproducing section 
include: 20 

a first and second transistors (T81, T82) that 
use the outputs of said first and second median 
output circuits (5, 5'. 6, S*) as their base inputs, 
respectively; 25 
a first and second emitter resistors {R83, R84) 
which have the same resistance value and one 
end of each of which is connected to the emit- 
ter of each of said first and second transistors 
(T81. T82), respectively; 30 
a first current source (181) connected to the 
other end of each of said first and second emit- 
ter resistors (R83, R84) ; 
a third and fourth transistors (T83, T84) that 
use the outputs of said first and second level 35 
sensing circuits (3, 3'. 4, 4") as their base 
inputs, respectively; 

a third and fourth emitter resistors (R85, R86) 
which have the resistance value twice that of 
said first and second emitter resistors (R83, 40 
R84) and one end of each , of which is con- 
nected to the emitter of each of said third and 
fourth transistors (T83, T84), respectively; 
a second current source (182) connected to the 
other end of each of said third and fourth emit- 45 
ter resistors (R85. R86); 

- a first collector resistor (R81) one end of which 
is connected to the collector of said first transis- 
tor (T81) and the collector of said third transis- 
tor (T83) and the other end of which is applied 50 
with a power supply voltage (Vcc) : and 
a second collector resistor (R82) which has the 
same resistance value as that of said first col- 
Jector resistor (R81) and one end of which is 

, jConnected to the collector of said second tran- ss 
sistor (T82) and the collector of said fourth tran- 
sistor (T84) and the other, end of which is 

. applied . with said power supply voltage, 
wherein . . 


the collector combined output of said first and 
third transistors (T81, T83) and the collector 
combined output of said second and fourth 
transistors {T82, T84) are determined to be 
reception outputs. 

9. A digital signal receiver circuit according to claim 7, 
characterized in that more sets of said offset com- 
pensating section (3, 3', 4, 4', 5, 5\ 6, S"), amplitude 
limit arrplifier section (7), and DC level reproducing 
section (8, 9) are repeated in the form of multistage 
connection. 

10. A digital signal receiver circuit according to claim 7. 
characterized in that said DC level reproducing sec- 
tion (8. 9) includes a differential circuit (15) that has 
the same gain as that of said first or second median 
output circuit (5, 5', 6. S*) and that determines the 
difference between the outputs of said first and sec- 
ond level sensing circuits (3, 3', 4, 4*) and outputs 
the positive phase signal and opposite phase sig- 
nal, and 

said second level comparison circuit (8) has 
the same gain as that of said first level compar- 
ison circuit (7) and compares the positive 
phase signal and opposite phase signal output^ 
ted from said differential circuit (15). 

11. A digital signal receiver circuit according to claim 1 , 
characterized in that said input digital signal is a 
photoelectric current produced by a light-receiving 
element (1). 

12. A digital signal receiver circuit characterized by 
comprising: 

a preamplifier (2) for generating a positive 
phase signal and the opposite phase signal 
from an input digital signal; 
a first level sensing circuit (3, 3") for sensing 
and holding eitfier the peak value or the bottom 
value of the positive phase output of said 
preamplifier (2); 

a second level sensing circuit (4, 4") for sensing 
and holding the same level value as that of said 
first level sensing circuit from the peak value or 
bottom value of the opposite phase output of 
said preamplifier (2); 

a first differential circuit (13) that determines 
the difference between the positive phase out- 
put of said preamplifier (2) and the output of 
said first level sensing circuit (3) and outputs 
the difference; 

a second differential drcuit (14) that has the 
same gain as that of said first differentia! circuit 
(13) and that determines , the difference 
between, the opposite phase output of said 
preamplifier (2) and the output of .said second 
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level sensing circuit (4) and outputs the differ- 
ence; 

a first \e/e\ comparison circuit (7) that com- 
pares the output of said first differential circuit 
(13) with the output of said second differential s 
circuit (14) and outputs a signal voltage with a 
constant amplitude wi^'n a specific Input volt- 
age amplitude range; 

a second level comparison circuit (8) that has 
the gain equal to the product of the gain of said io 
first or second differential circuit (13, 14) and 
the gain of said first level comparison circuit (7) 
and that compares the output of said first level 
sensing circuit (3. 3*) with the output of said 
second level sensing circuit (4. 4') and outputs is 
a signal voltage with a constant amplitude 
within a specific input voltage amplitude range; 
and 

an adder circuit (9) that adds the oulput of said 
first level comparison circuit (7) to the output of 20 
said second level comparison circuit (8), 
wherein 

said first and second level sensing circuits (3. 
3', 4. 4y first and second differential circuits 
(13, 14), and first level comparison circuit (7) 2s 
constitute ari offset compensating section that 
performs the offset compensation of ihe DC 
level difference of the output of said preampli- 
fier (2), 

said first level comparison circuit (7) constitutes 30 
an amplitude limit amplifier section tiiai com- 
pares and amplifies the output of said offset 
compensating section, and 
said second level comparison circuit (8) and 
said adder circuit (9) constitute a DC level 3s 
reproducing section that compensates for fluc- 
tuations in the outputs of the first and second 
level sensing circuits (3. 3*. 4, 4*). 

13. A digitai signal receiver circuit according to claim 40 

12, characterized in that said offset compensating 
section furtiier includes reset means (1 2, 1 6. 1 7) for 
resetting said first and second level sensing circuits 
(3. 3'. 4. 4"). 

45 

14. A digital signal receiver circuit according to claim 

13. characterized in tiiat said reset means (16, 17) 
resets said first and second level sensing circuits 
(3. 3'. 4. 4*) with the timing of each input signal. 

50 

15. A digital signal receiver circuit according to claim 
12, characterized in that said amplitude limit ampli- 
fier section and said DC level reproducing section 
include: 

■ ' . " . ■ ■ * 55 

a first and second transistors (T81, T82) that 
use the outputs of said first and second differ- 
ential circuits (13, 14) as tiieir base inputs, 
respectively; ; . 
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a first and second emitter resistors (R83. R84) 
which have tiie same resistance value and one 
end of each of which is connected to the emit- 
ter of each of said first and second transistors 
(T81, T82), respectively; 
a first current source (181) connected to the 
other end of each of said first and second emit- 
ter resistors (R83. R84): 
a third and fourth transistors (183, T84) tiiat 
use ttie outputs of said first and second level 
sensing circuits (3, 3'. 4, 4*) as their base 
inputs, respectively; 

a third and fourth emitter resistors (R85, R86) 
whidi have tiie same resistance value tiiat of 
said first and second emitter resistors (R83, 
R84) and one end of each of which is con- 
nected to tiie emitter of each of said tiiird and 
fourth trarsistors (T83. T84), respectively; 
a second current source (182) connected to tiie 
other end of each of said third and fourth emit- 
ter resistors (R85, R86); 
a first collector resistor (R81) one end of which 
is connected to the collector of said first transis- 
tor (T81) and the collector of said third transis- 
tor (T83) and the otiier end of which is applied 
with a power supply voltage (Vcc); and 
a second collector resistor (R82) which has tiie 
same resistance value as tiiat of said first col- - 
lector resistor (R81) and one end of which is - 
connected to tiie collector of said second tran- 
sistor (T82) and tiie collector of said fourtiitran- • 
sistor (T84) and the other end of which is - 
applied witii said power supply voltage (Vcc), 
wherein 

tiie collector combined output of said 
first and third transistors (T81, 183) and the 
collector combined output of said second and 
fourth transistors (T82, T84) are determined to 
be reception outputs. 

16. A digital signal receiver circuit according to claim 
12. characterized in that said first and second differ- 
ential circuits (13, 14) include: 

a fifth and sixtti fransistors (Till, Tli2) tiiat 
use the positive phase output of said preampli- 
fier (2) and tiie oulput of said first level sensing 
circuit (3, 3*) as tiieir base inputs, respectively; 

' a fiftii and sixth emitter resistors (R1 13, R1 14) 
which have the same resistance value and one 
end of each of which is connected to the emlt- 

- ter of each of said fifth and sixth transistors 
(Tl 1 1 , T1 1 2), respectively; 
a third current source (11 1 1) connected to tiie 
other end of eadh of said tiftii and sixth emitter 

■ resistors (Rl 13, R114j; 
a' seventh and eighth transistors (til 3, Til 4) 
' that use the output of said second level sensing 
circuit (4, 4*) and the opposite phase output of 
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said preamplifier (2) as their base inputs, 
respectively; 

a seventh and eighth emitter resistors (R115, 
R116) which have the same resistance value 
as that of said fifth and sixth emitter resistors s 
(R113, R1 14) and one end of each of which is 
connected to the emitter of each of said sev- 
enth and eighth transistors {T113, T114), 
respectively; 

a fourth current source (1112) connected to the io 
other end of each of said seventh and eighth 
emitter resistors (R1 1 5, R1 1 6); 
a third collector resistor (R111) one end of 
which is connected to the collector of said fifth 
transistor (T1 1 1) and the collector of said sev- is 
enth transistor (T113) and the other end of 
which is applied with a power supply voltage 
(Vcc); and 

a fourth collector resistor ( R1 12) which has the 
same resistance value as that of said third col- 20 
lector resistor (R1 1 1) and one end of which is 
connected to the collector of said sixth transis- 
tor (T1 12) and the collector of said eighth tran- 
sistor (T114) and the other end of which is 
applied with said power supply voltage (Vcc), 2S 
wherein 

the collector combined output of said 
fifth and seventh transistors (11 1 1 . T1 13) and 
the collector combined output of said sixth and 
eighth transistors (T1 1 2, Til 4) are determined 30 
to be the outputs of said first and second differ- 
ential circuits (13.1 4), respectively. 

17. A digital signal receiver circuit according to claim 

12, characterized in that more sets of said offset 35 
compensating section (3, 3\ 4, 4\ 13, 14), ampli- 
tude limit amplifier section (7). and DC level repro- 
ducing section (8, 9) are repeated in the form of 
multistage connection. 

40 

18. A digital signal receiver circuit according to claim 
12, characterized in that said DC level reproducing 
section (8, 9) includes a third differential circuit (15) 
that, has the same gain as that of said first or sec- 
ond differential circuit (1 3, 1 4) and that determines 45 
the difference between the outputs of said first and 
second level sensing circuits (3, 3\ 4, 4') and out- 
puts the positive phase signal and opposite phase 
signal, and 

50 

said second level comparison, circuit (8) has 
the same gain as that of said first level compar- 
circuit (7) and compares tho positive 
phase signal and opposrte phase signa! output- 
ted from said third differential circuit (15). 55 

19. A digital signal receiver circuit according to claim 
12. characterized in that said input digiral signal is a 
photoelectric current produced by a light-receiving 


element (1). 

20. A digital signal receiver circurt characterized by 
comprising: 

a preamplifier (2) for generating a positive 
phase signal and the opposite phase signal 
from an input digital signal; 
a first level sensing circuit (3, 3*) for sensing 
and holding either the peak value or the bottom 
value of the positive phase output of said 
preamplifier (2); 

a second level sensing circuit (4, 4") for sensing 
and holding the same level value as that of said 
first level sensing circuit from the peak value or 
bottom value of the opposite phase output of 
said preamplifier (2); 

a first differential circuit (13) that determines 
the difference between the positive phase out- 
put and opposite phase output of said pream- 
plifier (2) and outputs the difference; 
a second differerrtial circuit (14) that has the 
same gain as that of said first differential circuit 
(13) and that determines the difference 
between the outputs of said first and second 
la/el sensing circuits (3, 3', 4, 4') and outputs 
the difference; 

a first level comparison circuit (7) that com- 
pares the output of said first differential circuit 
(13) with the output of said second differential 
circuit (14) and outputs a signal voltage with a 
constant anrplitude within a specific input volt- 
age amplitude range; 

a second level comparison circuit (8) that has 
the gain equal to the product of the gain of said 
first or second differential circuit (13. 14) and 
the gain of said first level comparison circuit (7) 
and that compares the output of said first level 
sensing circuit (3, 3") with the output of said 
second level sensing circuit (4, 4*) and outputs 
a signal voltage with a constant amplitude 
within a ^jecific input voltage amplitude range; 
and. 

an adder circuit (9) that adds the output of said 
first level comparison circuit (7) to the output of 
said second level contparison circuit (8), 
wherein 

said first and second le'/el sensing circuits (3, 
3', 4. 4'), first and second differential circuits 
(13, 14), and first level comparison circuit (7) 
constitute an offset compensating section that 
perft?rms the offeet compensation of the DC 
iGvel difference of the output- of said preampli- 
fier (2), 

said first level comparison circuit (7) constitutes 
an amplitude limit amplifier section that com- 
pares and amplifies the output of said offset 
conpensating section, and 
said second level comparison circuit (8) and 
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32 


said adder circuit (9) constitute a DC level 
reproducing section that compensates for fluc- 
tuations in the outputs of the first and second 
level sensing circuits (3, 3\ 4, 4*). 

5 

21. A digital signal receiver circuit according io claim 

20. characterized in that said offset compensating 
section further includes reset means (12, 16. 17) for 
resetting said first and second level sensing circuits 

(3. 3', 4. 4% 10 

22. A digital signal receiver circuit according to claim 

21 , characterized in that said reset means (16, VI) 
resets said first and second level sensing circuits 

(3, 3\ 4, 4*) with the timing of each input signal. is 

23. A digital signal receiver circuit according to claim 
20, characterized in that said anplitude limit ampli- 
fier section and said DC tes^el reproducing section 
include: - 7 . . 20 

a first and second transistors (T81, T82) that 
use the outputs of said first and second differ- 
ential circuits (13. 14) as their base inputs, 
respectively; " - - 2S 

a first and second emitter resistors (R83. R84) 
which have the same resistance value and one 
end of each of which is connected to the emit- 
ter of each of said first and second transistors 
(T81 , T82). respectively; 30 
a first current source (181) connected to the 
other end of each of said first and second emit- 
ter resistors (R83, R84); 
a third and fourth transistors (T83, T84)' that 
use the outputs ot said first and second level 35 
sensing circuits (3, 3', 4. 4*) as their base 
inputs, respectively; 
. a third and fourth emitter resistors (R85, R86) 
which have the same resistance value that of 
said first and second emitter resistors (R83. 40 
R84) and one end of each of which is con- 
' nected to the emitter of each of said third and 
. . fourth transistors (T83, T84), respectively; 
: a second current source (182) connected to the 
other end of each of said third and fourth einit- 45 
tor resistors (R85. R8iB): - 
a first collector resistor (R81) one end of which 
is connected to the collector of said first transis- 
tor (T81 ) and the collector of said third transis- 
tor (T83) and the other end of which is applied so 
with a power supply voltage (Vcc); and ' 
a second collector resistor~(R82) which has the 
same resistance value as that of said first col- 
lector resistor (R81) and one end of which is 
connected to the collector of said second tran- ss 
sistor (T82) and the collector of saia fourth tran- 
sistor (T84) and the other erid of which is 
applied with said power supply voltage (Vcc). 
wherein 


the collector combined output of said 
first and third transistors (T81. T83) and the 
collector combined output of said second and 
fourth transistors (T82. T84) are determined to 
be reception outputs. 

24. A digital signal receiver circuit according to daim 
20, characterized in that said first and second differ- 
ential circuits (13. 14) indude: 

a fifth and sixth transistors (T121. T122) that 
use the positive phase output and opposite 
phase output of said preamplifier (2) as their 
base inputs, respectively: 
a fifth and sixth emitter resistors (R123, R124) 
which have the same resistance value and one 
end of each of which Is connected to the emit- 
ter of each of said fifth and sixth transistors 
(T121.T122). respectively; 
a third current source (1121) connected to the 
other end of each cf said fifth and sixth emitter 
resistors (R123, R124); 

a seventh and eighth transistors (T123, T124) 
that use the outputs of said first and second 
level sensing circuits (3, 3', 4. 4*) as their base 
inputs, respectively; 

a seventh and eighth emitter resistors (R125, 
R126) which have the same resistance value 
as that of said fifth and sixth emitter resistors 
(R123. R124) and one end of each of which is 
connected \6 the emitter of each of said sev- 
enth and . eighth transistors (T123, T124), 
respectively; 

a fourth current source (1122) connected to the 
other end of each of said seventh and eighth 
emitter resistors (R1 25. R126); 
a third collector resistor (R1 21) one end of 
which Is connected to the collector of said fifth 
transistor (T121) and the collector of said sev- 
enth transistor (11 23) and the other end of 
which is applied with a power supply voltage 
(Vcc); and ' - - 

a fourth collectorresistor (R1 22) which has the 
same resistance value as that of said third col- 
lector resistor (Rt21) and one end of which is 
connected to the collector of said sixth transis- 
tor (T122) and the collector of said eighth tran- 
sistor (T124) arid the other end of which is 
applied with said power supply voltage (Vcc). 
wherein 

the collector combined output of said 
fifth and seventh transistors (T121, T123) and 
the collector combined output of said sixth and 
eighth transistors (T122, T124) are determined 
to be ^e outjDuts of said first and second differ- 
ential drcuits (13. 14), respectively. 

25. A digital signal receiver circuit iaccording to dainri 
20, characterized in that"nK>re sets of said offset 
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compensating section (3. 3', 4, 4', 13. 14), ampli- 
tude limit amplifier section (7), and DC level repro- 
ducing section (8, 9) are repeated in the form of 
multistage connection. 

5 

26. A digital signal receiver circuit according to claim 
20, characterized in that said DC level reproducing 
section (8, 9) includes a third differential circuit (15) 
that has the same gain as that of said first or sec- 
ond differential circuit {1 3, 1 4) and that determines io 
the difference between the outputs of said first and 
second level sensing circuits (3, 3\ 4, 4") and out- 
puts the positive phase signal and opposite phase 
signal, and 

15 

said second level comparison circuit (8) has 
the same gain as that of said first level compar- 
ison circuit (7) and compares the positive 
phase signal and opposite phase signal output- 
ted from said third differential circuit (15). 20 

27. A digital signal receiver circuit according to claim 
20. characterized in that said input digital signal is a 
photoelectric current produced by a light-receiving 
element (1). 2s 

28. A digital signal receiver circuit characterized by 
comprising: 

a preamplifier (2) for generating a positive 30 
phase signal and the opposite phase signal 
from an input digital signal; 
a first level sensing circuit (3. 3') for sensing 
and holding either the peak value or the bottom 
value of the positive phase output of said 3s 
preamplifier (2); 

a second level sensing circuit (4, 4") for sensing 
and holding the same level value as that of said 
first level sensing circuit (3. 3*) from the peak 
value or bottom value of the opposite phase 40 
output of said preamplifier (2); 
a first differential circuit (13) that determines 
the difference between the positive phase out- 
put and opposite phase output of said pream- 
plifier (2) and outputs at least the positive 4s 
phase signal; 

a second differential circuit (14) that has the 
same gain as that of said first differential circuit 
(13) and that determines the difference 
between the output of said first level sensing so 
circuits (3. 3') and the output of said second 
level sensing circuit (4, 4*) and outputs the pos- 
itive phase signal and opposite phase signal; 
a first level comparison circuit (7) that com- 
pares the positive phase output of said first dif- ss 
ferential circuit (13) with the positive phase 
output of said second differential circuit (14) 
and outputs a signal voltage with a constant 
amplitude within a specific input voltage ampli- 


tude range; 

a second level conparison circuit (8) that has 
the same gain as that of said first level compar- 
ison circuit (7) and that compares the positive 
phase output and opposite phase output of 
said second differential circuit (14) and outpute 
a signal voltage with a constant amplitude 
within a specific input voltage amplitude range; 
and 

an adder circuit (9) that adds the output of said 
first level comparison circuit (7) to the output of 
said second level comparison circuit (8). 
wherein 

said first and second level sensing circuits (3, 
3', 4, 4") and first and second differential circuits 
(13, 14) constitute an identification level sens- 
ing section that senses the identification level 
of the output of said first differential circuit (13), 
said first level comparison circuit (7) constitutes 
an amplitude limit amplifier section that com- 
pares and amplifies the output of said identifi- 
cation level sensing section, and 
said second level comparison circuit (8) and 
said adder circuit (9) constitutes a DC level 
reproducing section that compensates for fluc- 
tuations in the outputs of the first and second 
level sensing drcuits (3, 3', 4, 4"). 

29. A digital signal receiver circuit according to claim 

28, characterized in that said identification level 
sensing section further includes reset means (12. 
16, 17) for resetting said first and second level 
sensing circuits (3, 3', 4, 4'). 

30. A digital signal receiver circuit according to daim 

29. characterized in that said reset means (16. 17) 
resets said first and second level sensing circuits 
(3. 3', 4, 4') with the timing of each input signal, 

31. A digital signal receiver circuit according to daim 
28. characterized in that more sets of said identlfi- 
catfon level sensing section (3. 3'. 4, 4'. 13, 14), 
amplitude limit amplifier section (7). and DC level 
reprodudng section (8, 9) are repeated in tine form 
of multistage connection. 

32. A digital signal receiver circuit according to daim 
28, characterized in that said DC level reprodudng 
section (8. 9) indudes a third differential circuit (15) 
that has the same gain as that of said first or sec- 
ond differential drcuit (13. 14) and that determines 
the difference between the outputs of said first and 
second level sensing circuits (3. 3'. 4. 4*) and out- 
puts the positi^/e phase signal and opposite phase 
signal, and 

said second level comparison circuit (8) has 
the same gain as that of said first level compar- 
ison circuit (7) and compares the positive 
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phase signal and opposrte phase signal output- 
ted from said third differentia! circuit (1 5). 

33. A digital signal receiver circuit according to claim 
28. characterized in that said input digital signal is a s 
photoelectric current produced by a light-receiving 
element (1). 
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